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© Semiconductor device moulding capable of accomplishing a: high jnpi^ur§,prcwf.^^^^ ^ 

@ In'ta-methodvpf-m.anufacturing.^a semjconductor f .. 
device including ,a serpiCQnductor, ,eleme^ 
chip . carrier which has conductive, leads,. bondedv;^ : 
the semiconductor element, 'a first resin mq|d; ; poi^on u .; ;> 
is formed by a first resi n, mold portion, to jpcat^inner^: 
partsi.of the conductive leads^og^ther with the semi:,., 
conductor- element . within the first ^ 
Thereafter.v.a second resin mold, portion ; formed. to. v 
cover the first resin mold portion on a side of the 
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semiconductor element and to uncover the^first . resin 
moldriportion on another side opposite to, trie senni-. r> 
conductor element. . Alternatively,; a heat : ; spreader.- 
may be, attached to the semiconductor , element and ^ 
may.; be jlsealed _ by .the first and .the; second , r^irv . ; . 

mold 'portions.; ■i^-<i y ;r ; ' :,>,-.;=-. ; C- yr\ 
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Background of the Invention: ' iJ " 



This invention relates to a semiconductor de- 
vice which has a semiconductor element sealed by 
a synthetic resin (will be simply called a resin 5 
hereinunder) and mounted on a chip carrier, 'such -A * ! 
as a tape carrier. 

As a rule, it is a recent trend that a semicon- 
ductor device becomes small in size, thin in thick- 
ness, and light in weight. In order to be matched 10 
with this trend, automation has been made also as 
regards an assembling process of mounting a ■ 
semiconductor element or chip onto a package 
which has a plurality of wiring patterns or. outer ; 
leads on a package surface. Since' v the v sem is 
ductor element is mounted or attached onto the 
package surface of the package,' the above«men^a> . 
tioned assembling process is referred to as a sur- 
face mounting method in the art. The surface 
mounti ng ^method, has 4 been; rusually^adopted : ,in ^a^ ;^ 20y 
semiconductor device of a . Quad Flat Package,: 
{QFP) structure or a Small Outline J-leaded ^Pack- ^ A y 
age (SOJ) structure.. , t ' r -7 "7"' 

r H rein, it is to : be rioted that, t^ "outer leads" are^ ■ . 
located along an outer peripHery'^ 
and^are one-dimensionally extended and that they ^ 
are electrically connected ' 4 tqi •'electrodes^ ' 4he^: ^ . 
semiconductor elements- by the use- of conductive ^ 
wires one by one. 

. . With this structure,- "a ' spacing""' or - a pitch be-^ft^ao;- 
tween two adjacent ones of the electrodes of the , - '. ' 
semiconductor element . becomes narrow as the 
. electrodes are increasedjjn number. Such ,a narrow 
pitch makes^a mounting proce^'biWcult when the 
pitch becomes narrow^ over . a . iimit of a mounting 
technique.- ■' 'Jc\7Y*:^ 
: On the othfef;hahd, semiconductor device has 
been propos^Tirio-Unite^ No. 
5,216,278 issued to Paul T. lin et al and has a 
package structure knowa! as a s Ball Grid Array 
(BGA). With this structure, it is ' possible to derive 
wiring patterns too-dimensional^^ elec- 
trodes of the semiconductor .element arranged two- 
dimensionally in the form, of ;pads on the semicon- 
ductor element. 1 , > ; . ; . ; 1 , J.7v • ^.'7l> . • ? .-/;: 1 ■ 

More specifically," the - packag^tru^ com- 
prises a carrier substrate of "a flexible material, 
such as a resin rmaterial.iw die attach 

surface and a package mounting surface opposite 
to the die attach surface. A semiconductor element 
which has a plurality of pads is bonded to the die 
attach surface ' through ^ /a /conductive , layer. Any 
other package : leads; are; arranged around the semi- 
conductor element ' on. ' th ; die^attechCsurf ace and 
are electrically connected to the pads pn the semi- 
conductor element through conductive lines. Some 
of the package leads, are electrically connected 
through via holes to package leads form d on the 
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■ ■ ■ "TV- 
package mounting surface. _ ^. 

A plurality of soider bails v areT placed:;^ the 
package* leads- on "the package mounting surface, to 
be attached to a printed circuit board. Thus, a 
combination of the carrier substrate and the pack- 
: age • leads: oatfie; die. iattach surface and the pack- 
age mounting surface may be collectively called a 
chip carrier. 

Furthermore, the semiconductor element < on 
the die attach surface of the carrier substrate is 
sealed or molded by a resin .material. ' ! : 
With this structure, the resin materialis formed 
only on a side of the die attach surface of the 
. carrier substrate. This shows that ■ tfierefcin material 
! is adhered to the chip carrier only on a side of the 
die attach surface^ ;v with ' :1a side ; bf ^ the ^package 
r mounting surface uncovered- with the fesin material. 
; . Consequently, the resin material is fixed to the 
i chip carrier only by adhesion of the. resin; material;.? 
; Herein, it is to be noted that the resin- material 
lis liable to absorb moisture and has a thermal 
i expansion coefficient 'different; from ithat; of. the .chip 
[carrier. In addition, the carrier^substrate: itself has a 
1 high hygroscopicity. . . ' . • 

; Moreover, such a semiconductor deyic%;of-the 
I type describe^ is heated on mounting the semicpn- 
i. ductor devicer'ontorithe^printed .circuit ^c^rdisp. as 
Lto melt the solder balls, and Jo .attach Ihe^s 
ductor device to electrodes laid on the printed 

circuit board.;-* $&mk^(< : ^ti?<> ] ^mmnm^?>%4-£ 1 
;- : ■ Under -the circumstances, the semiconductor 
device is disadvantageous in that* the resin material 
is easily 1 peeled from : the : chip ■ carrier 'when the 
semiconductor r ctevice ; is "heated on mounting the;; 
semiconductor r i device l ontd> the 'printed ^circuit, 
board.'^This' is because" evaporation' of 'moisture 
takes placie : i^ ; by a Iheat 'treat- 

ment ;on'^ onto" 
the 1 "printed circuit" board and ' the* resin < material is * 
largeiy- exparided ih ; comparison with the chip- car-- 
rierv '° i- n-O'-hu-j tfow <\o~c- •« wix\ 

^Taking the above into consideration, 'the resin 
material is 'dried ^within an oven >to eliminate <the 
moisture before the semiconductor device -is moun- 
ted onto the- printdd- circuit board.- ^Thus.'-the 1 semir ^ 
conductor device should be deliberately handled in 
order to prevent the resin material from .being 
peeled from the chip carrier. As a result, the semi- 
conductor device is troublesome in handling. 

Furthermore, the semiconductor device is deg- 
raded in characteristics and can not be guaranteed 
in a long term reliability because the semiconduc- 
tor device is directly bonded on the chip carrier 
which has a high hygroscopicity and is also not 
sealed by a resin material: 

In addition, since the conductive lines are used 
to electrically connect the pads of the semiconduc- 
tor element to th leads, a pitch between two 
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adjacent ones of the pads .should 3 be equal to or . . ^ 
wider than^l20^micron f meters. 'As a result, it is' 
difficult 0 with • ? the r - ^above-mentioned • method tor jv > 
mouht^on&the^chip carrier#a semiconductor eie-Av\:v 
ment which has a pitch niarrower than 120: micron - ■ s 
meters. ^ bo^i^no3 : v'-At c^h etit \^v- 

The semiconductor device also has disadvanr; \ wt> 
tages that bonding strength of connections , is weak; 
" betweenvthetleads-'.and- -the-f-conductive' { lines^be-.^ .' ' 
cause the* leads are formed by copper' which is soft r: ro 
and which ^can not be ^heated -to : a high tempera- t-n 

Moreover ^ !ong : electrical ^paths^are required ^ ^ 
betw;eenjth.e$ps^ 

and ^he ^rinted^circuit -bq Results; in;; a%&75 

long^tl^nOTissibh M delay timeCandiailarge noise. 

Summary of. the Invention: { • " 

It Sis : ^n^ object -,bWhis^invention to provide;, a < e^2o 
semiconductor \device^hich7|is capable of '( remov- 'dfc . 
ing disadvantages 1^ • * 

Itis Specific object of ^thisihventron to .'pro- &x<C. ■ 
vide a 'semicohductor-device^bf the tyi^.'described.:(5vvo: : 
which^cahvf preveiht ^fre^in- material s from ubeing ) : ^25 
peeled "from "a chip^Qarnbt^t^. M. mfeii'q ' ) ' <*fl' : 
• it is another object bfcthis ; invention to 'provide >; 
a -'semicbh^uddrtof 'the^pe- ^e^HbediiwhichHcan''^^ 
guarantee^ ; lbng^fefm:.reHability!I^ t^sl 

Jt is still another object of this invention to ;ic3p 
provide a - semiconductor of 1 the ;?type described,) 
which can 'reduce" noise and shorten a transmission 
delay-time, & fim Sr:;>fei?fc imxtrr. . 4£% t- . 

According ^to ^an?tf<as0ect^6f this invention, a 
semiconductor^ device 'cpinjprise^s^a ch\p^carr\er^ivk3S 
which has ; a frbnt^surfacfe^^^ 
opposite toi the front' surface and which :i? fornned ^Vv- 
by a-resih^siibstrate -and ^ a? plurality- of sieads at^'p* 
tached to the resin substrate on the front surface, a: \\V- .:> 
semiconductor 'element having, a' principal elements 40 
surface^ electrically ' connected to the: leads and a c 
bottom ' element surface opposite to the . principal :>r - ^ 
element-surface; a first mold .resin portion which ^ - 
covers the semiconductor element on both sides of 
the front "and the back surfaces of the chip carrier ^ - 
together. -with a' part of the" leads adjacent : to the fern 
semiconductor element to seal the semiconductor,^^ . 
elenrient ^within the first mold resin portion,; and v a 
second mold> resin 'portion which coversf the first 
mold resin portion on a side of the back surface ot&^sq 
the chip carrier. 0- 'Mi) *- Ly, : _\-.%^-r:v ■> . 

According to another aspect of this- invention, a 1 
method is for use ^manufacturing a semiconduc- 
tor device which "comprises a chip, carrier 1 and : a . ; , 
semiconductor' element mounted on the chip car- r ;ss 
rier. The method comprises the' steps of sealingv , ; 
the semiconductor element by a mold, resin to form 
a first mold resin portion and sealing a part of the 



first resin portionu ; by another; mold resin^to form a 
. second mold resin^ portion^ and^to obtain/the semi-p. 
conductor.deyiceyhi&t .v /r..n.v-S 'imi^ . 

Brief Description of the .Drawing: t: ^ s . • 

Fig. .1 , is a - sectional view <of , a conventional : 
. sem [conductor device;,.; r->^^ ^'bne o ^:x\- 
F\q$. 2(A) to 2(F) are sectipnal^yiewsj fo^use in 
«s . describing i processes v of manufacturing a, semi- 
conductor, device ..according .tOr.a.:-first;;embQdi- 
ment of this invention in order; 
Fig.;;3 is ; a sectional': vieyy ipr ; jjuiso, ;in ■ describing 
defects^which^occurnin^th^ conventional semi-, ^ 
&\ r conductor deyice;:;A % 

Rgs." 4(A) ' to : 4j[E) £are. r ;sectipnal; vj(^s>fpr^jse 
describingTprocessesJ^ms^ . 
conductor; -device j acc6r^ding>4q^ secpnd^e^^4 
■ ;■• bbdfment^frthi5:jnvention;-ahd^ 
■ty: Figt'^|$^a:v^ 
U device; according ;tp a^ third^embodirtie^ pf this ^ 
\ invention; /{^tenfe'^d.- vhskl imiUx ^i-mm ^ 

Description of the Preferred Embodimehts; ^a^ ^ 

Referring itoxRg' ^^de^ri !fe s ^ 
made^abbut ^cpnYentiohaj^sejmico 
which is^sub^tantialiy equiyalent^tb .ftat^di^rjbed^. 
in U.S^Patenfti No. ^,21§- t 2jk • rgfesrehc^di . jn^'th^o . 
^preamble^of^he instantv^pecifica^n.^h^ <:i y 
tional semiconductor device has been; called a 4 ball : r -. ; 
grid ; array ^micpnductor^deyiqe; ;qf a ; plastjc>;pr, v 
resin ^seal^type ; and ^comprises^a ,semicpnductpr„^. 
element or chip ^;iiiand j .a .chip 'c^ie^r^2^ r ;^^^' ^; 
>;-. The rsemiconductor; element ^ Ji^^^uppe/." ; 
element ^surface,;- a Jowpr , elemeht^surjface, : :and, a 
plurality of pads which serve as electrqdes^and.. 
which i-care; ^ formed i; on, /the .upper -^urf^e^pf^hgi 
semiconductor element 11 v as ,shpwn in Fig. 1 .ythe , , 
aupper eternerit£$urf§c^^ principal- f f; 

element. surface7iwhile : the ( lower ^element: .surface;, 
may. be called a bottom element surface.. ; ,. (t ;v k 
The chip carrier^ 2 comprises, a plastic or resin v: 
substrate 121 ; of, for example, a. glass epoxy resin. 
{material haying a die attach surface, and a package 
mounting surface-side alone and that the pads .of. 
the semiconductor, device are directed upwards of. 
Fig. a.; Therefore, the illustrated semiconductor de- / 
vice has shortcomings as : pointed , out in the , pre- ; 
; amble of the instant specification. ; , ^ r ;; r^VV 
Referring to Figs. 2(A) to (F), a semiconductor ; 
device according to a first embodiment , of this ; 
invention- will be described in. the order of mahufac- ;; 
turing, processes. In Fig. 2(A) ( v a serniconductor , 
element or chip 11 is at first prepared which has a ,.' 
principal element,; surface directed downwards of^ . 
Fig. 2(A), -a^. bottom /element, L surface directed up-, , . 
wards, and. a. plurality of bumps 11a on the princi- 
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pal element "surface. Each of the bumps 1 1a is 
composed of Au in the illustrated example. . -> 

On the other hand, a chip carrier 12 'is also 
prepared which comprises a resin or plastic sub- 
strate 121 of, for example;' polyimidej epoxy. The ' 5 
resin substrate 121 has a die attach surface and a 
package mounting surface which will" be called a 
back surface and a front surface directed upwards 
and downwards of Fig. 2, respectively. In this con- 
nection, the backhand the front surfaces ;may .be . 10 
referred to as upper and lower surfaces , respec- ■'- 
tively. . •. . ' >-^y%-<: r't zc* 

Inside* the'resin substrate'l2i ( - a device hole is • 
defined 'so as to mount the' semiconductor element 
,11 within the device hole in a manner to be der ; 15 
scribed iaterl- as; Illustrated'^ . , 

ln^d&ition;>the^ 
plurality: of - feads : 1 22 of vco'pper: which are attached ..- ■ . 
to the resin substrate^ i21^and' r ^ 
divided--^ of " 20 

Fig. I'freipetiiv&l^ 

(will be simply called leads hereinafter) 122?are^ 
located or arranged on both the die attach surface 
and this package^rr^ 

substrate 121. Each of the leads 122 is formed by , 25 
a copper "foil> ^rrie"^ > 
attach : =surfacb;"are^electri^ 

other 1 leads^122 ; oh the package mbuhting ^surface^^: 
through 1 via rtoles^TM^ anleleclrdde is^ 'uP-- 

also placfec! on the die^attach surface to supjDort the^' r 30 
semicdridtictbr'e^^^ 'i^;^^'^- ^piCf^h^i"^.^:^*^ ^ ^; . 

A plurality! of solder balls or bumps^ 125 which i.^ 
serve 1 as 1 ^ extemar terminals are. formed on the leacjs ^ ■ 
1 22 attached to i: the "package mounting surface of -i . 
the resin -substrate ;1 21 ; ahd%e< ^rrouhded by a 35 
solder mask which ^ervies^to define locations of the^.r-' 
solder balls 4 25:-*^ >4: >v^ ^^^ fek;. i>: ' 

As" sh dwni rr Rg . 1 } the. semiconductor element >^ ^ 
11 rests on the electrode form ed on the die attach e 
surface^bf the ; resin^ubs£rate r l21^ahd r ^ of :^ 40 
the semiconductor element 1 1 :; are' electrically^ con- 1> : - 
nected through bonding-wires 13 of Au< to th&leads v?" 
122 formed' w the die " attach - surface; As a : result; 
the pads of the ^semiconductor elements 11 ' are . 
electrically connected to the sblderballs 125. ^ 45 

The •serhicdnductdr ' element -1.1? is molded byuc ; > 
the use of a resin' hiateriar which is formed on a / 
side of -the v die " attach surface ^and -which^ will be 
called a fesin mold hereihundeir ^sm^hu-i?^ ^ rc-v 

From the above, if is Readily • understood that 1 50 
the resin mold 15 is attached only to the die attach 
surface 'inner' lead: 122 a extended Inwards oMhe : 
device hole and ari^out r. Iead;122b"p1aced outside--*- ••• 
of the :; 'inner lead; 122a; 'Each outer lead 122b is 
supported on the upper surfac of the resin sub- 55 
strate 122. solder mask 14 is formed on the ■ 
lower surface : bf each outer lead '1 22b, as shown in 
Fig. 2(A). The solder mask 14 has "a plurality of 



holes for solder balls or bumps (will be described 
later). Thereafter,; a mass of metal, such. as Sn or * 
Au, is plated on each inner lead Jl 22a and .in. each;.* 
hole.As a result, Jand. portions for the. solder bails . 

: are provided by plated portions in~the. holes. At any ... 
rate, the chip carrier 12 is completed in the above-;;; 
mentioned manner. >nf&" '■^■ ^ -<-. - . ^7 

With this structure, the semiconductor, element . 
11 is bonded to the inner leads 122a by the use of 
bumps ;1 1a on the upper surface of the. resin sub- . 
strate: 1 21 / For; example, ; the semiconductor, ele- ^ 
ment 11 may be bonded to the inner leads 122a by - 
a face* down" bonding i techniques namely, * c a gang 
bonding ^method.:; tThus^radoptation *ofqthe;gangy; 

bonding- method ( makes HUpossible to?:;shorten ; ;a c 
bonding time. ;<Such£anveffect ^f^shprtenlqg^the^- 
bonding time becomes distinct as the number of 
the" bumps 1 ia is increased. V^^pU^)? -vi-^^sc^. 
In Fig. 2(B), the semiconductor element 1 i arid 

h the chi p'carrier X2 ', mentioned- abpve :ara : . introduced > 
into a- (mold ^.which rts;. : composed^of v - a ,■ f irsf , .lower ^ 
mold 101 and a first wpper;.mold ?i 1 102 .and which; is^v 

. included; in ^Uransfer^mpld jap^atus,^The^; first ; 
lower im6ld;10lvhas .a.fcQnter^pprtion : eui^^ periph-^L 

vera! pqrtionnwhicti^ portion./*; 
The center portion is recessedrdownwards;ol'Fig..v ? . 

. 2(B) ^ralative^tovthe^p^^ the ■ 

peripheral ' portion ;is r flatiand jsibrought lihto-cqrvtact ■ ^ 

* with each outer jekd 122b';Kas Ml(ustrated. t in^ 
'•MB). .<^t^^v^^^Hr te' te^d' -^^: tj Ti ■ 
•Oa.rthe^otherihand'irthe- firsttuppenj-mpld. 102^. 
has ^ peripheral' region ; attached to, the- each outer^.. 
lead 122b of the chip carrier 12 and a .center..^ 
region elevated from the;;peripheral (:region..cThe 

^center portion of the vfirst, lower mold -101 ^and . the.,., 
center. region of.the .first upper, mold, 102 define an v 
innerVspace ; or^a ^cavity Jorjaccommodating «the-^" 
semiconductor i element >A 1 x and -a part pL-the ; chip 
carrier 12.A"^^ > ^.Uv >;^.^4-; ' wfr* %tih 0$ ';-<>rt;. 

Under, the, circumstances,- the outer >leads;1 22b. v 
are cramped by the first upperand jhejfirst Jpwer^H 
molds : ci 02 and ; 1 01 ^with : the semiconductor , ele-^ 
ment i 1 and the inner leads 1 22a enveloped .within 
the cavity between, the .first upper and ! r the, .first.... 

^ lower vmolds> l 102.:and 101 .rln -this, situation, v.a ; first 
molding process es conducted by ^causing; rnolterirx 
resin vto :flow .within ; the ; cavity. ^ As a molding -or^r 
sealing resinv>an epoxy resin which -is a kind- of - 
cresol ? hovolak. resins^is used, .while ; a. : phenol .. 

■ novolak - resin is used as a hardening. >agent^ ln >> 
addition, silica is used as a filler to improve - a 
thermal radiation characteristic.^ '^-c^- o^bv^:-^A 

After the resin^is hardened^a provisional semi-!?' 
conductor device.as, shown in- Rg. 2(C) is taken out 
of the transfer mold apparatus. Thus, it is possible , : . 
to obtain the provisional provisional device sealed .. 
by a first mold resin.portion;l5a. }n);; Vi ; - /.. . 
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Herein, it is tb be noted that the first mold resin < . 
portion 15a covers not only the semiconductor ele- 
ment 11 but also a lower surface" of each inner lead 
1 22a" together With a ldwe>r surface of a part of each y r 
outer lead 1 22b without' any "fins; This i is because 5 
the first upper and 'the first lower molds 102 and ^ ■ 
101 : are closely attached 'to - the j ch^^ 'carrier ^ 12 

. without any gaip. Thusi the first mold resin portion • 
15a envelopes the chip carrier 12 on both sides of ' 
th back arid the front ^ surfacesJ In this events the io 
first mold resin portion 1 5a oh the first surface of ' 

. th chip carrier 12 may : ber called' a -first - part white ^ 
the first -mold resin portibri • 1 Sa^b/i^the* "back ^sur^'^'i 
face^a sedpnd pfap-^-^i 

Th^afii^ ^ .'dd^; 'f* is 

vice is irifrpdu^^ : 
is composed JBf fa • second '-lower!, mold " 103 arid • . • 
second^up^ ^Hclud(W^ih : >^ k^ ' 
another tranff^ 

mold ^(03 has?a ; ceriferp^rtiori recessed*' relative 
a pen pl^raf' portion^ 
carrier^t^ ^aind^Se 

both lower sides of the chip carrie^T2^aM^^ 
mold'Tesin/^^ 

Oh r the other i^nd^rie"^^ 04 " 25 

has ^insijSe bavll^^ 

surfab^^an^irfeide^sicl^ -wall Contiguous "*'to the; 'pe* ^ ^ 
ripheral"c<&^ 

face^contiguoiis ^Nhe-%side^ 

peripheral ■6o^a^ t surta^^is 1 brought ihttf Contact ^ ^ ; ao 

with the upper^rf ace^bf tlie. chip^arrier^ 2^>w < 

Witfiin^the^ inside^ 
second lower mold 103 arid the second upf^r 7 rrio\6 ■ 
1 04, ithef provisional' serhicdriductor device is intrd— 
duceci 'and is K Kcatecl ( : as^iilustrate8' iri^RgF2(D): iA 35 
Thereafter, T the^ thtff 
secorid^^upper mqldlh0#^^ ^cirarri^^a^^ 
peripheraFpo^ 

situation^ ;"ibv^ resiri'3>^ 
portion i 5a 'arid' a lower surface of the 1 chip carrier > 40 
12 arei\COTtetfW m6ld^103 " ^ 

while the upper surface of the peripheral pbrtibh^of ^ 
the dhip camer s 12! n \z Contacted second' 
upper'rnblcn^ " :?: ' r ' ? c - :: ' : : - r - . 

Subsequeritlyi' molten resin is Caused to flow ^—45 
mthm the ' inside^ cavity'; to ^earfy >but^a ^second 
molding process -so' as to seal the provisional semi- 
conductor device by the Tesin and to forhri ; a^sec- ^ 
ond =nrvold resin portion 15b. TlieFresin ^identical? ^ 1 
with that used in ttiie'firet molding 'process/^ ^i-so 

After ; the T rr™iW^ 
_semicbndubt6P devicfe is^ taken out of th^ 1 transfer - Q 
mold v apparatus ; and : is sealed by the first arid the ; " 
second mold resin" portions I5a^ and" 1 5b; as shown - : 
in R0?2(^ A T ^ y ^ ^ :^ : ^/m--^}-' ;55 . 

Furthermore, the semiconductor device is heat* ■ : 
ed for '".several hours '■■ to- cure ' the "first arid c ' the ^ 
second mold resin portions 15a and 15b. - ^ f r 



Thereafter, solder balls 1 6 are formed on the 
land portions deposited on the outer leads 1 22b; as 
illustrated ^ in Fig. - 2(F). Such solder bails can be 
formed by soidering<sblder balls, by dripping mok 
■ ten solder ;by a disposer, or the like; The solder 
balls may be; for example, of an eutectic alloy of 
Pb and Sn. "~v*oi m: m^.t^ ■■;w:y:>.-..-v\:> :; -\ 

Although the same resin- is used for the first 
and the second* mold resin portions 15a and 1 5b in 
the above-mentioned example, different resins may- 
be used to form Uhe; first! and the second mold 
portions -15a - and 15b-r; In the Matter case, it Is 
necessary tb' select the resins ; which have thermal 
expairisipri^ coefficients similar to each other. ^ 
AsWIIustratecfc in-FigL 2(F),ithe inner; leads 122a 
are com pletely ^enveloped kby ;^ 
portion .15a, "In additiori;^h:vupper / part ? of^ the first 
mold resin portion 15a is covered with the I second 
mold resin pbrtiori 15b. ^\ , ^c ,: :' '"M:^ \^ - > 

' . Wifethis 'structure^ it is possible ^to compensate ; 
for mechanical strerigth Vof therchip^ 1 2 and ; 

to assure flatness of the outer leads^122b v because v 
the second mold resin portion 15b is formed onto - 
the first^mold^resin portion i15a;^ In/this ah > 

> upperl^Wac^;df^ portion :15a 

may - WotJbeialvyays covered ;vyith the secondrmold 
:/ 5 fesih"portipo:|1,5b;!^^^ sfefe.;^. ^ 

More" specif icallypsi nee the; semiconductor ele~ rl 
'.' menW1 is ^biripletely eriveloped^by the: first mold- 
resin( portion- 15a, the: illustrated semiconductor de- 
vice-can be remarkably improved in moisture proof .v 
The first mold ^ resin portion M 5a can not be easily 
peeled from sthe chip^carrier i12nbecause ,.both: up^ 
per arid lower^suiiaces 6f/the.inne^ 122a are 
?>completely Covered with the ? firstimpld resin portion 
1 5a.)? A' problem- of ^peeling \the i first emold resin ^ 
portion" 1 5a f rorn the^iririer leads U 22a of the chip 
carrier 12 can bevavoided or solved by; improving ■ 
the moisture:prqof of the chip carrier J 1.;? ^ -i^ H 
Practicailyit:it":hasHbeen :fo in the semi-;>; 

conductor device , illustrated in. Fig. 2 that the first < 
mold resin portion 1 5a is 'not peeled from the inner - 
leads 122a < even when; the semiconductor device u 
illustrated in Fig:: 2(F) is mounted on- a print circuit 
board after lapse of seventy-two hours, although: 
the conventional semiconductor device illustrated in ;.. 
Fig. 1 should^be mounted within twenty-four hours 
after 'iris dried in an oven ^ - ■ 
Herein, it is to be noted that none of fins take, r 
•place on the :first and the second mold resin por- •.• 
tions '15a and -15b. Consideration will be, made 
about ' the reasons why. no .fin takes place in the, , 
semiconductor device illustrated in Fig. 2. At .first, 
let a semiconductor device as shown in Fig. 2(E) bevr 
• manufactured by a single;:molding process.; In this ; 
case, slower and; upper molds which are similar, to 
the second lower mold 103 and the second upper ; 
mold 104 (Fig. 2(D)) should be prepared, as illus- 
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trated in Fig. 3, and are depicted at 109 and 110 in 
Fig. 3. It should be. noted that the lower, mold 109 . 
is brought into; ^contact with . the :;chip ; carrier at ,;);;: 
positions whichi^are different from those of the 
upper mold 110 and that the lower mold 109 has a > . 5 
.center portion, .recessed . relative to a peripheral 
portion to form a cavity between the lower and the ■: "i 
upper molds 109 and 110. - ^ r.<r;:. : . 

Under the. circumstances, \ when molten resin is. • . 
introduced into the cavity between the lower and . to 
the upper molds 109 and 1.10, the molten resin is 
caused to. ;flow into the recessed portion of the v ; . 
lower mold .109;and to somewhat push up the chip ( } : ; 
carrier 12 upwards i of Fig.; 3 - As a result, ■the.;chip.v;xr: 
. carrieril2 is. partially detached from the lowerumold ■ 75 
109 by4he; molten, resin, which brings; about occur- $v;- 
rence:of a gap. betweeh -the chipxamer 12 and the-;\^ 
lower:mold^09;'''f?^ [ 

Thus, the molten resin is causeddo Jlow^into V-?.-.' 
the gap^betweenvthe ;the|;chtpt carrier^? and the 20 
loweamdid 1 09 ,^as depicted :jat^1 5\VFhe {resultant k : t 
molten resin .remainsvas resin fins jon .a resin mold % :y 
portion ■15i^v^ : fK^r!- -^i^ffj^-i^i M£m Wj&fe 

On:the:jqther:tharid^ 
101 and thel:lirst uppenmold^02;jllustrated^ 
2(B) are brought? into contact with th^chip--camer^i-v< 
12 at positions whidi are substantially . pppdsed j^ 
each ^either!; Accqrd^gly^i^^ < 
occurrence of the' fin's* onithe Mower, part *pf the first f ir^ 
mold •:resin ^portion v ^5a;:^as :shown jn : fig... 2(C):-U^ 30 . 
Thereafter. Uhe 1 second -;mold: resih.portion .15M.sa#W 
formed*^on the ; upper part of . the firstimold ; resin -;vf 
portions 5a by theVsecond molding process:- ^ico 

From4his facUit is readily, understood that the r.o 
first and ' ; -theV:second .molding processes serve^to ,r^r35 
avoid occurrence .of the rif ins and ;to prevent the first 4^ £ 
and the. second mold :resin portions 15a and 15b -: - 
from being peeled from the chip carrier;/^;;* n ^v.;^ 

Referring to Figs.; 4(A) to :4(E), a semiconductor ■ . ; 
device 1 according to a second embodiment; of this 40 
invention will be described in the order of manufac- - 
taring- processes and comprises, similar parts 'desr.t<vr. 
ignated by tike reference numerals; In Fig. 4(A),;the; 
semiconductor element 11; and the chip carrier 12 
are prepared like in Fig.^ 2(A). Specifically ^the ^ . 45 
illustrated semiconductor- element ,11 > has front arid * 
back surfaces ^directed upwards and: downwards of 
Fig. 4(A), respectively, and opposed to each other.- h 
The front surface of the semiconductor element 11 
may be referred to ; as a principal, element surface 50 
like in Fig. 2 while the back, surface may be called . . 
a backelement surface. A plurality of bumps ,11a v v 
are formed on the principal element surface of the ; 
semiconductor el ment 1 1 . 

The chip carri r, 12 includes the resin substrat , 7 55 
121 and the leads 122 of copper , which are at- ; , 
tached to the resin substrate 121 and -which .are V; 
divisible into inner leads 122a and outer leads : , 



122bi like in Fig. 2. The, inner pleads 122a „are 
extended inwards of the device,, hole of the, resin ;V 
substrate,121 while the outer, leads 122b, are coat-,, 
ed with the -solder. mask ...14. .with; the lands , left; : . 
therein.,. In the example being* illustrated, a Jower .. 
surface of .the , : resin. substrate 12V is also coated 
with a solder, mask ~14a< which Js effective to absorb ~ 
stress imposed on a t boundary, ; f ace, as will become, , 

• ' clear Jater.^ : ]r , v . 

Herein, it is (! noted that a heat, spreader 20 is . ( 
mounted on . the back element surface of the s.emi- . ... 
conductor . element :to spread [ v , or • radiate heat 
from-vthe i semiconductor j element f .J1 i; jnto^.an.vat- _ v 
mosphere. The illustrated heat spreader ^0\has ; aa 
-upward surface, ; .a .downward i t surf ace^ opposite ..to -. 

. the upward, surface,^ and a_^ 
to theViipward iandn the '.downward surfaces^;Jhe . ,. 

; upward-surface of the : heat . spreadeV^ 20 is attached 
onto ;the.back;elemeht surface ^ ( pf{t|je .semi^nduc^^.^ 

fntor elemental I v.by^the, use of silver past& which;.,.; 

. form? :,a : silver {paste v layer 21 ^The^side^surf^ ; 
the heat ^sprjeader £q . Is, ^prdjected ; ou,tyyards„ ta f omp k i; , . 

■ a.prpjected.pprtion r 2^ ^.ir l^ifei ^i^fe 
Now, description will be made^abput . processes^,,: 
i6f nf^nufacturing , 
bump^la of4he|^miconductdr^lemenO Vare*at 
first bonded onto ,the inner leads J i122..iSubisequent- ^ 
ly, ; th^;silyer ;1 paste 
of the ^heatCspreader^Ovt^ 

flayer ^l.rvUndei^tt^circ^ cayrrjer.^, 
12 is reversed: or^upset .with^the^semiebnductor/,/ ' 
element ^l^att^h^ 

result,^the ;Chip icarrier -l^/and the ^semiconductpr., : ^ 
element al , are put into a state.as shown in. Fig. 4-,^.,. 

;v(A). Injthis state, the^se^ieonductoriejement t is^.v, 
located pn^thevsilver- paste Jayer r 2 t^oated ort^he^/ s 
heat . spreader (20, r and the^silyer f paste, is^cured^tp, v 
attach: the; sernicpnduc^ 
spreader^ 20^>Thus, s an.jelemeri^u^ 

y (^9 ^A)^iS;v ; pbtaine^ ^hich b ;cbmp>ris(^, r 
camer^l^.rthe semicq the, ? , 

heat spreader 20.^,^^ Kl ., n ^u- vrt.? ( m^ v 

In Fig. 4(B) t1 ;the ; element, unit :! is^mtroduoed 
within a transfer mold apparatus which comprises a . . 

-first lower ; mold (depicted at 105 in Rg. s 4(B)j and a 
first uppei; ; mold .(depicted at 106 jn. Fjg, 4(B)).. The r v v 
first lovyer mold 105 has, a peripheral portion and a. . 
center^portion, which t is . recessed relative to .l.the 
peripheray portion ^and : { which ^defines Jnner r; . 

.space for accommodating the .semiconductor ; ele- , . I 
ment 11. and the heat spreader 20. The peripheral 
portion ,;Of;the -first lower . mold .ip5 ? substant[aliy 0 ... 
supports th outer; leads ,122b through^ the resin . 
substrate 121. and the solder mask.14a.,,, vi . /^/J 

On the other hand, the first upper mold 106 ^ ; 
has a peripheral region, confronted with, the peripiv 
eral portion of th ..first, lower portion 105 and a 

• center region elevated from the peripheral region of . 
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the first upper mold 106:; ^:^r } ^u^g; y*k/. : . 

ThuSr the first upper mold 106 is brought into 
contact with the solder mask 14 at an area which is 
... substantially .opposed to that, of the first lower mold 
105,, when, the first upper .mold 106 and -the first 
lower '.molti 105 are dosed- :< In -addition^ the ^ first 
lower mold 105 and the first upper mold 106 define 
an inner, cavity , which: surrounds the ;inner L Jeads 
122a on both sides thereof. 

After -the element unit is introduced withiO;.the 
inner cavity between the first lower mold 105: and 
the first upper mold 106, the outer leads, :122b are 
. cramped* by; the first lower mold:; 105 and the, first 
upper mold 106. In the example being illustrated, 
the downward, surface, of the , heat spreader 20 is 
contacted with the center portion of. the ^first;iovyer; 

Next, molten resin r is; caused toif low into;, the 
inner cavity to carry out a first mold process of the 
semiconductor element yfl 1 . -After t^mpjtent^r^sin , 
is hardened,; a Wolded element 
(C) is/takefrout of the transfer,mbld apparatus, 

Asshowriiin Rg; ; 4(C), the moidedjielerhent -has 
a first^rnoldf resin^^pprtion flSa^hi^covers side 
surfaces bfcthe- semiconductor elemental l^d-ithe 
heat - spreader : :20 with ;the downward ^surface of the 
heat spreader 20 exposed to the atmosphere. - The ;. 
first mold resin portion 15a covers both upper and 
.lowers sidesi of Inner pleads ^ 22a ^ 
fins. This , is because the oppositeV^egions ?of the 
outer leads 22b are cramped: by .-.the firstHower 
mold ^05^and^the l :first^pF«r>vmold 1 06;&as~ illus-i 
trated in Fig; 4(B). : 

Subsequently, the molded element is located 
within- another transfer mold • apparatus- that ; com - , 
prises a" second lower, mold- (depicted at$0£inj f^g. 
4(D)) and a ; second tipper mold (depicted all 08).>q^ 

As readily understood from Rg^^fDJr^ther sec- 
ond upper moid 108 has a center area contacted 
with an upper area of the first mold resin portion 
15a andi a^peripheral' area:,which camsupport the' 
outer-leads -1 22b. To this'-end, ■ the center, area, of 
the second, upper mold 108; is elevated relative .to .1 
the peripheral area . of the second upper mold 108.,, 

On the other hand, the second Jowenmoki:1Q7< 
defines an inner lower space for accommodating 
the semiconductor ^element ,:11 >,ando.the rrheat .., 
spreader 20 and can^support an outer peripheral, 
portion of the chip carrier 12 and the heat spreader ; 
20. Specifically, the inner lower space defined by 
the second ;lower mold 107 has a . depth substan-? , 
tially equakto:;a;heightof the semiconductor veie-A 
ment 11 and the heat spreader 20. :f %^ -scr 

When the second - lower mold 107 and -.the.- 
second: upper mold vl08 are closed to, cramp the.; 
molded element, .the second slower mold .107 is 
attached to the outer peripheral, portion , of the chip 
carrier 12 and the downward, surface of. the heat 



spreader 20 while the second upper ; mold 108 is : ^& ; 
attached to the upper area pf theifirst resin mold fj. 
portion. . 1 5a^and; the, chip carrier 1 2, on the outer 
Ieads^.t22b.^.^,-vr:,f :; -■/^'^^^■t. <<\*& n 
s Under - the circumstances, a second moid prp- JV .yv 

cess ;is carried out by causing mqltea resin to flqw.r/ 
into the inner cavity defined by the second lower,. 
mold ~1Q7: and the second upper mold 108. After 
the molten resin.Js .hardened, a. provisional semi- r 
■70 ; conductor device is taken out of the. transfer mold. , - . 
apparatus and comprises a second/estn mold por-,v . 
tion -15b covered : on : the first resin^mold^p^ 
1 5a. • slhus.^the- provisional. &n>icortucl6r x ideyicej is 
sealed: V in,;double by;*ttte firsthand ;the> 's^ondxresin^ 
„;7S % moldportions45a ancjy 5fe ; vf^. ; J : >&kkw? : 
^fterrthevproy^ 
' ; heated for^s^ <v 
second resin mbl^ i 5b, the semi^ ..^ 

. conductor devjce JllustratedJa R js; obtained ^ 
^20 -by fontting^;^ 
; ■ outer leads 1 22b ; \f^ ^U^^sii""-" "-tsSf ! -i>J. :: " Vi 
Herein;-^ 

' .20 has ; ^h^ dpwrward - 
v upwards of Fig. 4j(E) and which is^exposed ^qv;the;^ ;o i: 
25 ^atm osphere.^^ " , 

ducforreterji^ 
•/•the heat spneader '2q^ 

In addition, the spider mask 14a is attached to 
v this first and the second resin mold portions 15a^; 
30 and 15b in the illustrated example. The solder 
mask 14a serves ;tq^$prb^ 
boundary .! face ;Jbetwejen, t^ev;chip^irier^2^and 
each. of. the^first^and^ 

tions^^v^d ;15£ an^ be-> 
' 35 :tween the resin substrate^ 21;, and, each .^the: first;, 
and the sepond resin^ m 

lyip^oyf fi Vsinq^; v the;iprpje(bl#Ji portiphj.^0 i jsk 
form^^njth^ 
and lends itself: not only., to 
40 . -resin mold portion 15a to the heatsprgad^ 
£ also to prevent invasion of moisture ^hich^passes } 
through., a boundary face between the first , resin 
mold portion 45a and Jhe heat spreader, 20. - Such 
prevention t of Jnvasipn ; pf rnpisture ; cain ; be^accom T / 
45 plished by lengthening an invasion path by forming 

the projected,- portion^ 
•.;v projected^ portions ; .may ; be j4prmed ^on the| ; .,side^ 
surface of the heat spreader 20. nr^ ri^. 
If an excellent moisture proof is required v for 
so the semiconductor .device, 4he : heat spreader 20 . 
< ■:' may be buried within a ; r^in, mptd portion. ,^ 

Referring to Fig. 5, a semiconductor device 
according to a third, embodiment of this invention is '_ >: 
similar in structure to that illustrated jn : Fig.^2 ; ex^, 
55 cept that leads 122 and ; 122a] are formed on both 
surfaces of the resin substrate ,121, as shown in 
Fig. 5. The leads 122 on one surface of the. resin 
substrate 121 are electrically connected to the 
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leads 122a 6rr another surface of the resin sub- ; 
strate 121 through via holes 123. -Wv\vo;.>:v : \^y.> 

Thus, the illustrated chip carrier '12 has "*a i ^plu- 
rality of lead layers composed of the leads 122 and 
122a and enables high density wiring/ In addition/ it 
is possible to ' increase Va degree of freedom ~ in- 
flation to. the wiring:" V---- v ^ v^— • ^ ; ^ :K -; 

While this invention- has : thus far been de- 
scribed in conjunction with "k -few embodiments 
thereof, it Will readily be "possible for those skilled 
in the art to 5 put this invention into practice in 
various other ^manners. For example, -the solder 
balls 16 may be replaced by metallic balls, suchas 
. copped ballsrfFhe bumps 11a^-of the semicoriductorl 
element 11 may be formed - by ^solder bunr^sM 
MoreoyerTthe semiconductor elbmeht 1 1 may Have 
no bump andV^ 

the semicortductor efement^lh -this^e^ehti thfS^^alu-^^ '« 
minum-p^ the leads of -^v 

copper : by' a tape "^utortiated "bonding : ^(TAB);tech-t V20 
nique. It is preferable that studs of -^oppef^re . 
depositedoh the inner lead^^f ! the:l:hip ca^rie^12:' 
At any^^e^c&nhections 'are'madfvbyrari alloy "of ^ 
aluminum'^ -?y* 
- Furthermore the dsefrhico^ 
may ba T cbated : with^afjbohdiric/ reisin : layer:bafbre ^^ 
the first mpld process is carried out^v-''^V : ^^'??"' 
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Claims 1 .' xmt 



1. A semiconductor device comprising: 

rthip :, carrier ; Which has^a ; front f surface : 
. and a back 'surface: opposite to said front T sur- 
face and wHich is 'forhned 'by -a resin 'substrate 
and a" plurality ; 6f leads attached to said resin 
substrate oh %aid front surface and a semicoh- 
ductgr^lement having a principal elemept'sur-' 
face ' electrically cori netted "to said; leads and a ; 
bbttorrf element surface opposite to said princi- 
pal element surface, ' t: - ? -- fe^- - 
characterized by: - r ^^-^ *^vi*io -i- ■ 

■.'• : ' : 'a first mold resin portion which covers said 
semiconductor -element on >: both sides of said - 
front and said back surfaces of said chip car- 
rier together with a part of ' "said 1 leads adjacent 
to - said 'semiconductor elbmerif to^seal -said l 
semiconductor "element within r ;said. first moid/' 
resin portion; and ; ^ '^^^ ^<\^ ^ 

a "second mold resin " portion which covers 1 
said first 1 mold "resin portion oh a side of the 
back surface of the chip carrier.- ' Vjst -\K*.-\ 

2. A semiconductor device v as~claimed iin claim 1, 

' charact ri2ed : by: : ' >; V : ^v- ; *stf; ^ z;'a 

;' • • a plurality of balls -attached fa' said leads 
and projected from said - front' surface of the- 
chip carrier, :l -' rC " -' ? ■ * v - 
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A semiconductor device as claimed in claim 2, ■; 
characterized in that said 'first; mo Id resin por- 
tion has a 'first part located on *the : side of ther'v 
front surface of the' chip -carrier and projected i 
from said^ front surface>^and 1 a Second j part" 
located on -the side of the back, surface of ; the ^ 
chip-carrierl^i-'Vr. 

h: >said balls being higher than said first part. — 

A semiconductor device as- claimed in claim 2, 
■ characterized by: ^ \v* 
a ;t solder - mask surrounding "said^balls"ori 
the side of the: front surface bf-the chip -carrier;^!*.: 

*v*v nl- -.Mr .blote 
A semicoriductorrdevice as claimed in 'claim- 4/ v. 
characterized'by: fev<^ y^#^p#&r 
'■:./■ another solder mask formed on the side of ~h 
the! back surface of the chijp carrier^Mm 

AVs^miconductor device "as icl^imed iri J ciaim^1v^u 

chara&erized"^ih^fth^t;^d^^ 

ment ^has%the> principal ^elemente surface ?di- : f 
: f recte>d to said ;;backi surface' of •the^chip^carrien . 

and a v plurality :of bumps .which ^ areVprbjected ^ 
. from-said principal element surface .ahd':which:fr 

are; electrically 'connected ^diredt to 'said leads fe; 

of "the chip, carrier.^. U uiwiitik v^r/i^^^:?^ 

A semicond.uctprrdevic^astclimed ih clainh;6,v^- 
characterized. by . vpi: gm&i&M . '%< .' &\ti T .?> 
'"--'a heat spfieader 1 which, has^a spreader-sur-^^ 
face^ attached to said bottom - element surface t > 
of the semiconductor element ^ 

A semicohductordevice:as claimed in claim 7 t nr 
characterized^ in^that said heat 'spreader has a T ;j> 
: spreadertside: surface; whichoisVcontiguous to;ti: 
said spreader surface 1 and which>has^a protru-^ 
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A sismiconductor device as claimed in claim 1 , & 
characterized -in -that said ; chip carrier further-^ 
has vai'plurality ;, of additional leads .electrically-. : 
connected V to - said Pleads > through ^;via wholes r r. 
formed in the resin substrate.^ '10 r^> 

A semiconductor device as claimed in claim, 1 , : 
characterized in. that said* first mold resin por-: >, 
tion^has^no fin. ^ <^ & 

A semiconductor device as claimed in claim:;!.:: : 
characterized in that said resin substrate has a . :^ 
device hole surrounding, said semiconductors 
element while said leads are divisible into inner; 
leads extended within said device hole.on 'said u 
front surface and -outer leads laid on said* resin v 
substrate and contiguous to said inner leads; W 
said first mold resin portion sealing at least 
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, said inner , leads on said front and said back 
surfaces in addition to said semiconductor ele- 
ment. 

12. A semiconductor element as claimed in claim s 
11, characterized in that said second mold . 

. resin portion seals said outer leads on the . 
back surface. 

13. A method of manufacturing a semiconductor . 10 
device which comprises a chip carrier and a 
semiconductor element mounted on said chip 
carrier, characterized by the steps of: 

sealing said semiconductor element by a ; 
mofd resin to form a first mold resin portion; 75 
and • ' ' ■ • 

: . sealing a part of said first resin portion by 
another mold resin to form a second mold 
resin portion and to obtain said semiconductor 
device! : . : , 20 



t: 



14. A method as claimed #?claim ; ^13,^ J>^\-S*\ ''/".. )/ • 

carrier having a front surface" and a back^su^; yf, y.-. y ■ ^£ ' v^ ''* '"* 

face opposite to said^front surface ^and comWf&f: 'Jf. \^ ^/ 

prising a resin substrate and - a plurality , : of 25 ; , ^ ^ - ,y ■>- 



leads attached^o^said jresin^iute^ 

front surface while Wd; semioon^ . 
mounted on 'said 'fcack^rK^^ *" 
carrier and electrically connected tplsaidlfeadsf ' - ' ' %J .. : v " >T- ' .. v gf 



wherein said first mold resin portion .partially . 30 
seals said leads on both sides of 'the front and 
. the back surfaces of the chip carrier in addition 
to said semiconductor element; 

said second mold resin portion sealing the 
first mold resin portion on the side of the back . 35 
.surface. f, •• 
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(54) ] Semiconductor device moulding capable of accomplishing a higK moisture proof 

(57).. ;jn a method cif;irah£fectunng'a $emtonductor^% V W** ; ^'l^x^r ^4 
device including a semiconductor element (11) and a 

chip carrier (1 2) which has conductive leads bonded to { A ) 

the semiconductor element, a first resin ^molcl portion,; ... ,, : mt> r&aB^ Ma ^~ 

(15a) is : formed by a first resin mold portion to locate u " ; ' % ^' KJ T ^ ' '* r a e | 

. . . . . v ^ o£ W.-r : r- x ) "Iwy^TSL 

the semiconductor element within the first resin mold (b) ^/f, I, v J_ 

portion.; ? Thereafter, a second resin mold pbrtjon (1 5b) v |s r . ^ r c 

formed to cover the first resin mold portion on:a side of ' * { ' f f r ,r - r,-r CO ioi 

the semiconductor element and jto uncover: the first 
resin mold portion on another sidej opposite to the sem- 
iconductor element. Alternatively, a heat spreader may 
be attached to the semiconductor element and may be^.-J ^ 
sealed by the first and the second resin mold portions. 
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